Abstract Poor adiposities are risk factors for major morbidities, but reports on how these relate with gait function of stroke patients undergoing rehabilitation is sparse and need further investigation. A convenience sample of 94 ambulatory stroke survivors and 94 matched apparently healthy individuals were assessed for adiposity markers (body mass index, waist circumference, thigh girth, waist-hip ratio, and percent body fat) and gait parameters (cadence, step length, stride length, stride width, gait velocity, and cycle). Mean age of the stroke and apparently healthy participants were 57 AE 5.2 years and 56.9 AE 4.8 years, respectively. We found significant (p < 0.05) relationships between waist circumference and each of gait cycle (r Z 0.67) namely, cadence (r Z À0.68), stride length (À0.62), step length (À0.61), and gait velocity (À0.75). Fairly similar correlations existed between body mass index, waist-hip ratio, percent body fat, thigh girth, and each of gait parameters, with only the thigh girth significantly correlating with stride width (r Z 0.79). Obesity more than triples the odds of low gait velocities (odds ratio: 3.28; 95% confidence interval: 1.60e6.74). Findings provide clinicians with likely influence of adiposities on gait parameters of stroke patients. This may inform treatment decision and help to prioritize interventions through adiposity management for stroke patients undergoing rehabilitation.
Introduction
Greater effectiveness in gait training has become one of the goals in poststroke neurological rehabilitation [1] and it forms a major component of physical therapy services for chronic stroke patients being the most common intervention provided generally [2] . A number of factors have been shown to affect gait parameters in the stroke survivors. Some of these include rehabilitation approaches [3] , functional status [4] , cognition [5] , and duration of stroke [6] . Poor adiposity may also affect gait in a number of ways. Net metabolic cost of walking for instance is greater in obese than in normal-weight individuals because of biomechanical differences [7] . It is also observed clinically that physical rehabilitation of "heavy" individuals is tedious because of the difficulty in lifting and other passive and active maneuvers. Literature abounds on the menace of poor adiposity on overall health of individuals, including its contribution to the etiology of stroke but sparsely available on the effect on rehabilitation efforts. Specifically, reports on the effects of adiposity on gait parameters of stroke survivors are generally lacking. In our earlier observation of a few patients in the outpatient clinic over a period of 12 weeks, we found the gait parameters of six stroke survivors with normal body weights to be better than that of six overweight-to-obese stroke survivors. Considering our previous observations and the high frequency with which gait training is used in the treatment of patients with chronic stroke and because two-thirds of stroke survivors have difficulty with walking [8] , we felt that there was a clear need for studies to reveal how modifiable health markers, such as adiposity, may influence the quality of gait in stroke survivors under rehabilitation.
Methods
Participants in this study were a sample of convenience of stroke patients and apparently healthy individuals. The stroke patients were 94 ambulatory men and women between the ages of 42 years and 51 years who could walk without the assistance of another person and who could follow directions for the gait assessment, whereas the apparently healthy participants were equal number of individuals matched with the stroke survivors on the bases of age, gender, weight, and height. Stroke patients were enrolled from the Physiotherapy Clinics of the Aminu Kano Teaching Hospital and Murtala Mohammed Specialist Hospital, Kano Nigeria, whereas the apparently healthy individuals were recruited from the Bayero University, Kano community. Only stroke patients, who agreed to participate and referred to the Physiotherapy clinic by a physician, were enlisted in the study. Individuals using an assistive device for ambulation with history of musculoskeletal injuries resulting in symptoms of pain, weakness, and loss of range of motion were excluded.
Assessments for both the stroke and the apparently healthy individuals were conducted at the two centers from where the stroke survivors were enrolled. Data obtained from the participants and the physicians' referrals included age, gender, duration of stroke, hemispheric side of the lesion (if documented), and whether the stroke was first episode or beyond. Participants were also assessed for selected adiposity and gait parameters. The adiposity included body mass index (BMI), waist circumference (WC), thigh girth, waist-hip ratio (WHR), and percent body fat (PBF); whereas the gait parameters included cadence, step length, stride length, stride width, gait velocity, and gait cycle. The BMI was calculated as weight (kilogram) divided by height squared (square meter), WC was measured in centimeters, and WHR as waist divided by hip circumference. PBF was measured using the Omron BF306 body fat monitor (Omron Healthcare Co. Ltd., Japan) [9] . Thigh girth was taken at 15 cm proximal to the superior patella with knee in extension.
The gait parameters were measured manually based on adaptations from Ross and Clawson [10] . Paper walkways have been used to assess several gait impairments and the method is suitable for use in the clinical situations and has previously been found to be reliable [11] . The inter-rater reliability ranged from 0.98 to 1.00, whereas test-retest reliability was also high ranging 0.95e0.97 for most measures in multiple sclerosis and hemiparesis subgroups [12] . The gait assessment was done on a 20 m walkway spread with a white nonslip 1.8 m wide continuous paper. Participants walked at their most convenient but fastest speed on the walkway with their feet precoated with a red colored temporary ink. The ink made feet impressions on the paper as they walked along. Measurements of step length, stride length, and stride width were made from the feet impressions on the paper labeled for each participant. The step length was measured as the distance between the tips of opposite heels, whereas the stride length was the distance between the tip of the heel of one foot and the tip of the heel of the same foot when it touches the ground again. The stride width was the distance between two opposite feet measured as distance between two parallel vertical lines drawn from the tips of the heel of one foot and the middle toe of the other foot. Measurements from three different spots within the middle 10 m of the walkway were taken for each of these and the average was documented. The cadence, gait velocity, and cycle were each assessed by one of three research assistants trained by the researchers. With a stop watch, one assistant recorded the cadence as number of steps taken per minute, another assessed gait velocity as the distance covered in 1 minute (taken at 15 seconds and multiplied by 4), and the third assessed gait cycle as the time from heel contacting the ground (heel strike or heel on) until the same heel contacts the ground again. Measurements started at the third meter mark when the participant was expected to have attained a steady gait and speed.
Ethical approval for the study was granted by the Ethical Committee on Research of the Aminu Kano Teaching Hospital, Kano, and the informed consents of all participants were also obtained before enrollment. Pearson's moment correlation was used to determine the relationship between the selected adiposity and gait parameters, whereas logistic regression was used to determine the predictors of long gait cycle and low gait velocities. Level of significance was set at 0.05 for all the analyses.
Results
The mean age of the stroke patients (n Z 94) and the apparently healthy participants (n Z 94) were 57 AE 5.2 years and 56.9 AE 4.8 years respectively (Table 1) . Left hemispheric cerebrovascular accident (CVA) accounted for 45.7% of the strokes and the mean duration was close to 1 year. The mean BMI shows that both the stroke patients and apparently healthy participants were actually overweight (28.3 AE 4.26 kg/m 2 and 27.5 AE 3.82 kg/m 2 , respectively) and there was no significant difference (p Z 0.06) between them. Overweight was taken as BMI 25e29.9 kg/m 2 , whereas obesity was taken as BMI ! 30 kg/m 2 [13] . The BMI was further split to reveal values according to gender and this categorized the female participants in the stroke group as being slightly obese. In the stroke participants, the mean WC of the men (101.3 AE 2.76 cm) and not the women places them on the high risk domain of cardiometabolic disorders, whereas the mean WHR of both men and women in the stroke group was high as well (0.97 AE 0.15 and 0.86 AE 0.19, respectively) and were significantly higher than in the apparently healthy group. The mean PBF (23.3 AE 4.26%) for the stroke group was however significantly lower (p Z 0.001) than for the apparently healthy participants. The mean of the midthigh girth for the affected limb was lower than that of the unaffected limb (43.2 AE 3.71 cm vs. 68.7 AE 4.28 cm). The mean cadence (52.3 AE 4.72 steps/min), stride length (0.64 AE 0.03 m), step length (0.38 AE 0.04 m), and velocity (22.1 AE 3.60 m/min) were all significantly lower (p < 0.05), whereas the stride width (0.47 AE 0.02 m) and gait cycle (4.82 AE 1.56 s) were significantly higher than those of the normal individuals.
Moderate-to-high correlations were found between some of the selected adiposity and gait parameters ( Table 2) . We found direct significant (p < 0.05) relationship between BMI and gait cycle (r Z 0.61) and significant (p < 0.05) inverse relationships between BMI and each of step length (r Z À0.56) and gait velocity (r Z À0.72). The WC also directly related with gait cycle (r Z 0.67) and inversely related with each of cadence (r Z À0.68), stride length (À0.62), step length (À0.61), and gait velocity (À0.75). The pattern of correlation between gait parameters and WC were more or less established for the WHR, PBF, and thigh girth. Thigh girth was however the only adiposity measure that significantly correlated with stride width (r Z 0.79). Table 3 shows the odds ratios (ORs) for the effect of some selected biodata on gait cycle and gait velocity of the stroke participants. The odds of having long gait cycle were somewhat similar to the odds of having lower gait velocity. On the average, right hemispheric cardiovascular accident more than doubles the odds (OR: 2.14; 95% CI: 1.76e4.82) 
Discussion
We found the average duration of stroke to be about a year and most presented with left hemispheric CVA accounting for about one-half of the patients. The BMI of both stroke and apparently healthy participants placed them mainly in the overweight category; whereas the WC of the male stroke participants and the WHR of both male and female stroke participants placed them on the category of high risk for cardiometabolic disorders. The PBF of the stroke participants although significantly lower than that of the apparently healthy participants was in the high fat category, whereas the thigh girth of the affected limb was significantly lower than that of the unaffected limb. Expectedly, the apparently healthy participants had significantly better gait parameters than the stroke individuals. In terms of the number of significant correlations between the selected adiposity and gait parameters, BMI and WHR correlated with only three gait characteristics, WC and PBF correlated with five, whereas thigh girth correlated with all the six selected gait parameters. Also poor gait cycles and velocities were predicted by having right hemispheric CVA, being female, having a reoccurrence of stroke, being obese, and having stroke duration for more than 1 year. The finding that left hemispheric CVA was common among our sample of stroke survivors was not unexpected, as previous reports [14] had it that left hemispheric CVA is more common among stroke population. The author reported the side difference may be because of the anatomic location of the tip of the cannula in the vicinity of the left common carotid artery. However, the fact that right hemispheric CVA predicted poorer gait parameters indicate that gait rehabilitation efforts for right hemispheric CVA patients may yield poorer results when compared with the left. In a similar report although on upper extremities, a clear training response advantage for patients with left hemispheric lesions after completing 6 weeks of bilateral arm training was reported with reasons being that patients with right hemispheric lesions may present with perceptual and/ or visuospatial deficits that may have been limiting factors in functional improvement after training [15] . However, because the left hemisphere is usually dominant, left hemispheric strokes are more devastating to patients [14] . The significant disparity in the gait parameters of the stroke patients and the apparently healthy participants may be because of a number of reasons responsible for poor gait in stroke patients. In general, gait is greatly altered after people are affected by a stroke [1] . According to an investigation by Kramers de Quervain et al [16] on stroke patients, there was a delay in the initiation of flexion of the hip during the preswing phase and a decreased extension of the hip that was related to decreased muscle effort during the stance phase. According to the authors, these abnormal patterns of motion altered the velocity, the length of the stride, the cadence, and all phases of the gait cycle. The disparity may also be because the high energy costs of hemiparetic gait, which could be 1.5e2 times higher than that of normal walking [17] . This can result from a distortion of the normal gait mechanics following a combination of balance and muscular impairments especially on the affected side and the compensatory efforts of the unaffected side. There could be abnormal movements of the upper extremity, the trunk, the pelvis, and the lower extremity on the unaffected side in an effort to compensate for the decreased velocity on the hemiplegic side [16] .
Our study presented a generally poor adiposity among the stroke patients that was also related with poor gait parameters. Obesity was a significant predictor of poor gait parameters and this may be because of the excessive demand of energy that is associated with walking in obese individuals. Obese individuals may dissipate more energy in their soft tissues during walking leading to a greater discrepancy between positive and negative muscle work in level or nonlevel gaits [18] . The PBF may also be a factor in the poor gait parameters of the stroke patients. Although the stroke patients had lower PBF than the apparently healthy individuals, the fact that they had their PBF in the "high fat" category and the fact that it related with poor gait parameters may indicate the possible role of high PBF in poor gait. This may be because the stroke patients were unable to put up the excessive energy required for their ambulation. In natural walking conditions and in healthy individuals, net metabolic cost of walking was found to be greater in obese individuals and this also related to the PBF of the subjects [7] .
The excessive energy demands of walking placed on the stroke patients with poor adiposity variables may also have specific kinematic gait connotations. For instance, the greater net metabolic cost of walking in obese subjects may be partially explained by the increased step-to-step transition cost that is associated with wide gait [7] . The wider stride in our stroke participants could translate to wider gait. Although there was the possibility of balance distortions leading to wider stride, the role of wider thigh girths in the presentation of wider stride in the stroke patients may be obvious. This is especially because it was the only adiposity variable that correlated significantly with stride width. We could not confirm whether the stroke patients were diabetic or not, we however consider that some of them may also be diabetic in view of the age and unhealthy clustering of adiposity markers in the stroke patients. Individuals with diabetes have been shown to have less ankle mobility, ankle moment, and ankle power during walking [19] , a complex that may be related to peripheral nerve function, which further affects the gait of the stroke patients. This study only reveals the possible link between poor adiposity and poor gait parameters and not in any way implying that the poor adiposity variables were solely responsible for the poor gait. The poor gait parameters that have been presented could as well be as a result of many likely confounders that were not accounted for. These confounders may include drugs, poststroke depression and mood, cognition, lower extremity circulation and sensation, visual impairment, lower extremity strength, and the presence of other comorbidities. The manual and observational techniques adopted for gait analysis did not invalidate the results of this study. According to earlier reports, although instrumented gait analysis systems are frequently used in research, therapists use observation on a daily basis to evaluate gait because ready access to such measurement systems is usually impractical [20, 21] . This study is relevant because of the importance of gait rehabilitation during poststroke. According to Jette et al [2] , gait and prefunctional activities were performed most frequently for stroke patients, hence it will be in order to study factors that may constitute impediments to the timely attainment of best functional gait status attainable by each patient. Also, because restoration of the ability to walk is considered the hallmark of poststroke rehabilitation [22] , it will be a worthy effort to identify how risk factors for stroke, such as poor adiposities, are related with a good indicator of functional recovery, such as the gait parameters.
In conclusion, this study found that the gait parameters of stroke patients, such as cadence, stride length, stride width, step length, gait velocity, and cycle were inadequate and significantly related with poor adiposities. The BMI and WHR significantly correlated with only three gait parameters, WC and PBF correlated with five, whereas the thigh girth correlated with all the six gait parameters selected. Poor gait cycles and velocities were predicted by having right hemispheric CVA, being female, having a reoccurrence of stroke, being obese, and having stroke duration for more than 1 year. For further studies, we recommend research into other physical and psychological determinants of gait characteristics in stroke patients. We also recommend studies into establishing normative gait characteristics for individuals of African origin.
